Introduction
Metal nanocrystals embedded in appropriate glassy hosts are known to exhibit enhanced nonlinear optical properties, with a large intensity-dependent refractive index related to the real part of the third-order susceptibility, x (3) . 1 Such materials have potential optoelectronic applications in optical switching and limiting devices because of the ultrafast nonlinear response. [1] [2] [3] Optical properties of these composites are greatly influenced by the interface between the nanocrystals and the matrix. 4 Accordingly, the shape, size and composition of the nanocrystals play an important role in modulating the properties. [5] [6] [7] [8] There is considerable interest today in synthesizing Au-Pt bimetallic nanoparticles from solution. [9] [10] [11] Au-Pt bimetallic nanoparticles supported on inorganic oxides 12 and zeolites 13 are also reported for their improved catalytic properties. Of these, Au-Pt core-shell type nanoparticles have been prepared by the deposition of Pt on Au or vice-versa. , silicon wafers and ordinary soda-lime glass slides by spin-coating, employing a spinning rate of 1000-1500 rpm. The resulting films were dried at 75 uC in air. The dried films were then heated to 450 uC for 30 min in air (to remove the organic matter) and then in 10% H 2 -90% Ar (gas flow was controlled by mass flow controller) for 1 h. The films were allowed to cool naturally in the flow of the 10% H 2 -90% Ar gas mixture. Powder X-ray diffraction (XRD) patterns of the thin film samples were recorded with a diffractometer operating at 40 kV and 30 mA using Ni-filtered Cu Ka radiation. Transmission electron microscopy (TEM) was done using a Jeol (model JEM 3010). Optical spectra of the coated films were obtained on a Perkin Elmer UV-VIS spectrophotometer (model Lambda 900). Scanning electron microscopy (SEM) was done using a scanning electron microscope (model Leica S440i).
Results and discussion
The silica-gel films air-dried at 75 uC are completely transparent and colourless. AuCl 4 2 and/or a mixture of AuCl 4 2 and PtCl 6 22 ions remain in the gel-films trapped as in other sol-gel derived films.
14 After heat-treatment of the films at 450 uC the AuCl 4 2 /PtCl 6 22 ions are reduced, precipitating Au/Pt metallic nanoparticles in glassy SiO 2 film matrices. It may be noted here that annealing in air could reduce AuCl 4 2 and PtCl 6 22 ions to their corresponding metallic states in individual systems. 8, 15 However, in a mixed system, the large redox potential (+0.99 V) of the AuCl 4 2 ions could inhibit the reduction process of platinum ions. To avoid this complex situation, films were heated in a reducing atmosphere (H 2 -Ar gas mixture), as was also followed by other workers for the preparation of supported Au-Pt bimetallic catalysts by reduction of the HAuCl 4 /H 2 PtCl 6 mixture. 12a,13 The heattreated films are homogeneous and transparent. The film containing Au alone is reddish-blue in colour. The colour gradually disappears on increasing the Pt loading. The film containing Pt alone is light brown in colour. The thickness of the films, estimated by cross-sectional scanning electron microscopy (SEM) was in the 145-175 nm range.
As also pointed out earlier, one would expect that the gold ions are reduced first, followed by platinum ions since the standard redox potential E 0 for the AuCl 4 2 /Au 0 couple is higher than that of the PtCl 6 22 /Pt 0 couple. Fig. 1(a) ]. The inclusion of Pt causes a drastic decrease in the size of the nanoparticles to 3-4 nm. Interestingly, we observe the presence of a large number of bigger clusters in the case of Au 4.5 Pt 1.5 [ Fig. 1(b) ], whereas in Au 3 Pt 3 the number of such big clusters is reduced [ Fig. 1(c) ]. In the case of Au 1.5 Pt 4.5 , the bigger clusters are absent [ Fig. 1(d) ]. Instead, we observe uniform-sized nanoparticles of 3-4 nm.
In Fig. 2 , we show the XRD patterns of the SiO 2 films containing Au, Pt and Au-Pt alloy nanocrystals deposited on silica glass substrates. The patterns show only the (111) Bragg reflection, 18 indicating a highly oriented growth of the nanocrystals. The other Bragg reflections are hardly visible. The decrease in the d(111) value with increasing Pt loading is consistent with the formation of Au-Pt solid solutions (Table 1) respectively. It appears that in the latter, a major proportion of the Pt atoms does not enter the alloy structure. It may be noted that bulk Au-Pt solid solutions are generally formed only at temperatures above 1100 uC.
The compositions of the alloys derived from the respective d values obtained from the XRD patterns are listed in Table 1 . By simple arithmetic, we see that about 50 and 66 mol% of the Pt remains out of the solid solutions in Au 3 Pt 3 and Au 1.5 Pt 4.5 respectively. The XRD peaks in these systems should therefore show the Pt reflection as well. We, do not, however, see a peak due to Pt because of the small particle size (see Fig. 2 in the case of pure Pt). Fig. 3 shows the optical spectra of the films annealed at 450 uC for 1 h in 10% H 2 -90% Ar. The pure Au film shows a band at 544 nm with a broad tail extending towards higher wavelengths due to surface plasmon resonance (SPR). The SPR band of well-dispersed spherical Au nanocrystals is generally sharp and appears around 520 nm. The broadening of this band at higher wavelengths may be due to the anisotropy of the trigonal/prismatic shape (non-spherical) of the Au nanocrystals. 6, 21 The pure Pt film does not have a Table 1 ). Fig. 4 . It is of interest to know whether the Au, Au-Pt alloy and Pt nanoparticles remain as separate clusters in the thin film silica matrix. It was pointed out earlier that the Au nanoparticles are formed first, with the Pt atoms precipitating on to the gold nanoparticles. The Pt atoms close to the Au atoms would be expected to form solid solutions under the experimental conditions. When the Pt concentration is low (as in Au 4.5 Pt 1.5 ), we obtain only a Au-Pt solid solution while in Au 3 Pt 3 and Au 1.5 Pt 4.5 part of the Pt forms a solid solution with the Au, the remaining part forming a shell around the alloy. The deposition of Pt atoms on to the surface of the gold nanoparticles can be understood from the optical spectra of the composite films as well. A significant dampening of the gold surface plasmon resonance is known to occur by a surface layer of platinum. [9] [10] [11] This is clearly evidenced in the absorption spectra of the annealed films shown in Fig. 3 . The SPR band of gold (544 nm) gradually disappears with increasing Pt content. If a mixture of discrete Au and Pt nanoparticles were present, the Au SPR band would continue to occur in the Au-Pt films.
Conclusions
Au, Au-Pt alloys and core (alloy)-shell (Pt) nanoparticles have been generated in glassy silica films by the sol-gel method. The nanoparticles are oriented in the (111) crystalline plane. By the low-temperature method employed, nanocrystal alloys are formed up to a Au : Pt ratio of about 1 : 1, but with an increase in Pt content, Pt shells are formed around the alloy cores. Formation of Au, Pt and their alloy nanoparticles in the silica film matrix is noteworthy and could be of potential technological value. Table 1 ). 
